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Abstract. This paper presents a method to recognize the various defect patterns
of a cold mill strip using a binary decision tree constructed by genetic algo-
rithm(GA). In this paper, GA was used to select a subset of the suitable features
at each node in the binary decision tree. The feature subset with maximum fit-
ness is chosen and the patterns are divided into two classes using a linear deci-
sion function. In this way, the classifier using the binary decision tree can be
constructed automatically, and the final recognizer is implemented by a neural
network trained by standard patterns at each node. Experimental results are
given to demonstrate the usefulness of the proposed scheme.

1   Introduction

To produce a cold mill strip of high quality, it is important to detect the defects on the
surface of cold mill strip exactly in the manufacturing process. So, efficient methods
for the recognition and extraction of defect patterns of cold mill strips have been
studied [1, 8, 10].

The conventional method to recognize the defect patterns is to extract good fea-
tures experimentally from the cold mill strip image acquired from a CCD camera and
then recognize the patterns in a single step by inputting all the features to a neural
network. But this method has two problems when the characteristics of the defect
patterns are considered. Firstly, because the shapes of the defect patterns are complex
and irregular, the recognition rate of defect patterns is sensitive to the kinds of se-
lected features. And also despite the good separability of the features, they may inter-
fere with each other when used together. Secondly, because there exist some similar
classes of defect patterns, which can be classified into the same group, classifying all
the patterns in only a single step results in a high classification error.

To overcome these problems, we propose a multi-stage classifier like a decision
tree, which repeats decisions so as to classify patterns individually. The decision tree
classifier makes fast and exact decisions by dividing the complex and global decisions

Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.ALLGEMEIN ----------------------------------------Dateioptionen:     Kompatibilität: PDF 1.2     Für schnelle Web-Anzeige optimieren: Nein     Piktogramme einbetten: Nein     Seiten automatisch drehen: Nein     Seiten von: 1     Seiten bis: Alle Seiten     Bund: Links     Auflösung: [ 2400 2400 ] dpi     Papierformat: [ 595 842 ] PunktKOMPRIMIERUNG ----------------------------------------Farbbilder:     Downsampling: Ja     Berechnungsmethode: Durchschnittliche Neuberechnung     Downsample-Auflösung: 300 dpi     Downsampling für Bilder über: 450 dpi     Komprimieren: Ja     Automatische Bestimmung der Komprimierungsart: Ja     JPEG-Qualität: << /QFactor 0.5 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     Bitanzahl pro Pixel: Wie Original BitGraustufenbilder:     Downsampling: Ja     Berechnungsmethode: Durchschnittliche Neuberechnung     Downsample-Auflösung: 300 dpi     Downsampling für Bilder über: 450 dpi     Komprimieren: Ja     Automatische Bestimmung der Komprimierungsart: Ja     JPEG-Qualität: << /QFactor 0.5 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     Bitanzahl pro Pixel: Wie Original BitSchwarzweiß-Bilder:     Downsampling: Ja     Berechnungsmethode: Durchschnittliche Neuberechnung     Downsample-Auflösung: 1800 dpi     Downsampling für Bilder über: 2700 dpi     Komprimieren: Ja     Komprimierungsart: CCITT     CCITT-Gruppe: 4     Graustufen glätten: Nein     Text und Vektorgrafiken komprimieren: NeinSCHRIFTEN ----------------------------------------     Alle Schriften einbetten: Ja     Untergruppen aller eingebetteten Schriften: Nein     Wenn Einbetten fehlschlägt: Warnen und weiterEinbetten:     Immer einbetten: [ /Courier-BoldOblique /Helvetica-BoldOblique /Courier /Helvetica-Bold /Times-Bold /Courier-Bold /Helvetica /Times-BoldItalic /Times-Roman /ZapfDingbats /Times-Italic /Helvetica-Oblique /Courier-Oblique /Symbol ]     Nie einbetten: [ ]FARBE(N) ----------------------------------------Farbmanagement:     Farbumrechnungsmethode: Farbe nicht ändern     Methode: StandardGeräteabhängige Daten:     Einstellungen für Überdrucken beibehalten: Ja     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja     Transferfunktionen: Anwenden     Rastereinstellungen beibehalten: JaERWEITERT ----------------------------------------Optionen:     Prolog/Epilog verwenden: Ja     PostScript-Datei darf Einstellungen überschreiben: Ja     Level 2 copypage-Semantik beibehalten: Ja     Portable Job Ticket in PDF-Datei speichern: Nein     Illustrator-Überdruckmodus: Ja     Farbverläufe zu weichen Nuancen konvertieren: Ja     ASCII-Format: NeinDocument Structuring Conventions (DSC):     DSC-Kommentare verarbeiten: Ja     DSC-Warnungen protokollieren: Nein     Für EPS-Dateien Seitengröße ändern und Grafiken zentrieren: Ja     EPS-Info von DSC beibehalten: Ja     OPI-Kommentare beibehalten: Nein     Dokumentinfo von DSC beibehalten: JaANDERE ----------------------------------------     Distiller-Kern Version: 5000     ZIP-Komprimierung verwenden: Ja     Optimierungen deaktivieren: Nein     Bildspeicher: 524288 Byte     Farbbilder glätten: Nein     Graustufenbilder glätten: Nein     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja     sRGB ICC-Profil: sRGB IEC61966-2.1ENDE DES REPORTS ----------------------------------------IMPRESSED GmbHBahrenfelder Chaussee 4922761 Hamburg, GermanyTel. +49 40 897189-0Fax +49 40 897189-71Email: info@impressed.deWeb: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<     /ColorSettingsFile ()     /AntiAliasMonoImages false     /CannotEmbedFontPolicy /Warning     /ParseDSCComments true     /DoThumbnails false     /CompressPages false     /CalRGBProfile (sRGB IEC61966-2.1)     /MaxSubsetPct 100     /EncodeColorImages true     /GrayImageFilter /DCTEncode     /Optimize false     /ParseDSCCommentsForDocInfo true     /EmitDSCWarnings false     /CalGrayProfile ()     /NeverEmbed [ ]     /GrayImageDownsampleThreshold 1.5     /UsePrologue true     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /AutoFilterColorImages true     /sRGBProfile (sRGB IEC61966-2.1)     /ColorImageDepth -1     /PreserveOverprintSettings true     /AutoRotatePages /None     /UCRandBGInfo /Preserve     /EmbedAllFonts true     /CompatibilityLevel 1.2     /StartPage 1     /AntiAliasColorImages false     /CreateJobTicket false     /ConvertImagesToIndexed true     /ColorImageDownsampleType /Average     /ColorImageDownsampleThreshold 1.5     /MonoImageDownsampleType /Average     /DetectBlends true     /GrayImageDownsampleType /Average     /PreserveEPSInfo true     /GrayACSImageDict << /QFactor 0.5 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /ColorACSImageDict << /QFactor 0.5 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /PreserveCopyPage true     /EncodeMonoImages true     /ColorConversionStrategy /LeaveColorUnchanged     /PreserveOPIComments false     /AntiAliasGrayImages false     /GrayImageDepth -1     /ColorImageResolution 300     /EndPage -1     /AutoPositionEPSFiles true     /MonoImageDepth -1     /TransferFunctionInfo /Apply     /EncodeGrayImages true     /DownsampleGrayImages true     /DownsampleMonoImages true     /DownsampleColorImages true     /MonoImageDownsampleThreshold 1.5     /MonoImageDict << /K -1 >>     /Binding /Left     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)     /MonoImageResolution 1800     /AutoFilterGrayImages true     /AlwaysEmbed [ /Courier-BoldOblique /Helvetica-BoldOblique /Courier /Helvetica-Bold /Times-Bold /Courier-Bold /Helvetica /Times-BoldItalic /Times-Roman /ZapfDingbats /Times-Italic /Helvetica-Oblique /Courier-Oblique /Symbol ]     /ImageMemory 524288     /SubsetFonts false     /DefaultRenderingIntent /Default     /OPM 1     /MonoImageFilter /CCITTFaxEncode     /GrayImageResolution 300     /ColorImageFilter /DCTEncode     /PreserveHalftoneInfo true     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /ASCII85EncodePages false     /LockDistillerParams false>> setdistillerparams<<     /PageSize [ 595.276 841.890 ]     /HWResolution [ 2400 2400 ]>> setpagedevice



462 K. Min et al.

into several simple and local decisions [5]. For an efficient and accurate classification,
an optimal or near-optimal feature subset within the feature space needs to be selected
at each decision node [2].

This paper introduces the binary decision tree and describes methods of both gen-
erating a linear decision function and selecting a feature subset using GA. Then, an
automatic method of constructing the binary decision tree is described. And finally,
the proposed classifier is applied to recognize the defect patterns of a cold mill strip.

2   Construction of Binary Decision Tree Using GA

In the case of a one-stage classifier, it cannot be guaranteed that all the features used
in classification have the best separability, and the efficiency of the classifier is low
because it compares a pattern with all of the other classes [6, 7]. To solve these prob-
lems, we have designed a classifier that decides the class of a given input pattern by
repeating two or more decisions successively. This classifier is called a multi-stage
classifier or a decision tree classifier.

If only the necessary features are used at each node of binary decision tree classi-
fier, both the accuracy and the reliability of the classifier increase. So the problem is
to select a valid feature subset from the entire feature set, i.e. the feature selection
problem. To select the optimized feature subset, the separability of all the combina-
tions of the features should be evaluated. However, when m components are selected
among n components, the number of combinations expressed as nCm  becomes a
large value even if n and m are not large. The feature selection problem can be re-
garded as an optimization problem. So in this paper, feature selection is executed us-
ing GA, a global optimization technique.

GA has a higher probability of finding the global optimized solution than other
classical optimization algorithms because it searches for the multiple global solutions
simultaneously [1, 3, 4].

Fig. 1 shows the process of selecting the optimal feature subset by GA In this pa-
per, a feature subset is evaluated by the classification error when classifying patterns
with the linear decision function that is also generated by GA.

Candidate
feature set

Genetic
Algorithm

Feature subset
evaluation
function

Optimal
feature
subset

Fitness Feature subset

Fig. 1. Processing block diagram of feature selection

The following method is used to minimize the classification error using GA:

Suppose that the given data set is },...,{ 2,1 NX xxx=  ( n
k R∈x  is the number of

features), and l(j) and r(j) are defined as the minimum and maximum values of the
j-th feature.
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In the case of 2-dimensional space, j can have the value of 1 or 2 and on the basis
of )( jl  and )( jr , a rectangle can be constructed that can include all data. Inside the

rectangle, two points can be selected arbitrarily, connected by a line. From the coeffi-
cients of the line function, a n -dimensional decision function can be obtained as fol-
lows.

1012211 '...)( ++ +=++++= nnnn wwxwxwxwd xwx (2)

When matching this concept with a binary string of GA, n segments of a binary
string indicate one point in the n-dimensional space. In the n-dimensional case, n

points should be selected in such a way that a string is composed of 2n  segments.
Supposing that the length of each segment is m-bit, then the total length of the binary

string becomes mn2 -bits. The decision function described above is the linear deci-
sion function that minimizes the error that occurs when classifying standard patterns
into two classes in a certain feature space. However, the real input patterns are not re-
stricted to two classes of patterns. GA determines the decision function that mini-
mizes classification error in a given feature space. Since the minimized error varies
with the combination of features, the fitness function is constructed to give high fit-
ness for a combination with a small classification error and low fitness for a combi-
nation with a large classification error.

Using the method described above, a certain feature subset minimizing classifica-
tion error is chosen. And patterns are classified into two groups at each node with this
feature subset. The binary decision tree is constructed by iterating this process until
all the classes of patterns appear independently at each leaf node. Because the binary
decision tree is constructed for multiple classes rather than just for two it is better to
maintain uniform distribution for two separated groups at each node, which means it
is better that two separated groups have similar numbers of classes without partiality.

To quantify this, a balance coefficient is defined using the mean and deviation of
classes of a new group, as Eq. (3). If the number of patterns of the two separated
groups is similar, the balance coefficients are smaller. In this case, because the depth
of the binary tree becomes small, the matching time required for recognizing a pattern
decreases.
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In Eq. (3), h is the number of nodes, N is the number of input patterns, and Nj is the
number of the patterns included in the j-th node. In this paper, a binary tree is con-
structed, so h becomes 2. The fitness function that includes the balance coefficient is
defined as.
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In Eq. (4), error and balance are the classification error and the balance coefficient
between groups, respectively, and ew and bw  are the weights for weighting each pa-

rameter. And the result of the constructed tree can be varied by adjusting of the
weights ew  and bw . After the construction of the binary decision tree, by training BP

neural network with the feature subset selected optimally at each node, the final bi-
nary tree structured recognizer is realized.

3   Classification of the Defects of Cold Mill Strip Using the Binary
Tree Classifier

The defect patterns of cold mill strips can be classified into seven classes: Dull, Oil-
drop, Slip, Dent, Scale, Dirt, and Scratch. After preprocessing for the acquired image,
we extract six candidate features [8, 10].

   
        (a)                               (b)                             (c)                           (d)

      
 (e)                                 (f)                                (g)

Fig. 2. Defect patterns of cold mill strip (a) dull (b) oil drop (c) slip (d) dent (e) dirt (f) scale (g)
scratch

In this paper, geometrical features are selected as candidate features. They are area,
area ratio, and compactness. They are not related to the size and direction of the pat-
terns. And, the probabilistic concept of moment has been widely used in pattern rec-
ognition as a practical method to extract features of the shape. Among the moment-
based features, the information useful for the inspection of the defects of cold mill
strips are the length of the longest axis, the ratio of longest axis to shortest axis, and
the spread of a pattern [8, 10]. The data used in constructing the binary tree recognizer
are the feature vectors extracted from the seven types of standard defect patterns. In
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constructing the binary tree using GA, the weights in Eq. (4), ew  and bw , are set to 1.

Fig. 3 shows the binary decision tree constructed from standard patterns by GA. Here,

iP  is a type of pattern, kf  is a feature, and mnC  represents a class at each node.

P1, P2, P3, P4, P5, P6, P7

P5, P6, P7P1, P2, P3, P4

P1, P2 P3, P4 P5, P7 P6

C0

C11 C12

C21 C22 C23 C24

P1 P2 P3 P4 P5 P7

C31 C32 C33 C34 C35 C36

f6

f2 f4

f4 f1 f1,f6

Symbol P1 P2 P3 P4 P5 P6 P7

Pattern dull oil slip dent scale dirt scratch

Symbol f1 f2 f3 f4 f5 f6

Feature def_area area_ratio
compact-

ness
axis_rati

o
spread long_axis

Fig. 3. Binary decision tree constructed with standard patterns

At each node constructed above, the final recognizer is made by training the BP
neural network with the selected feature subset. The number of nodes in the input
layer is set to the number of the selected features, and the number of nodes in the hid-
den layer is set to 10. By setting the number of nodes in the output layer to 2, the out-
put layer represents the binary decision.

Table 1 shows the results of recognizing the defect patterns of a cold mill strip us-
ing the binary tree recognizer. In this table, the recognition rates of Dent and Slip are
very low. However, the linear classification errors are zero at nodes C0, C11, and C22

when constructing the binary decision tree. This means that the standard patterns of
Dent and Slip are classified linearly. Because the least number of features that fit to
classify standard patterns are selected, if the number of standard patterns is small, the
recognizer becomes sensitive to noise.

Table 1. Recognition rate of each defect pattern

Pattern No. of  Recog. / No. of  Pat-
terns

Recognition rate (%)

Dent 0/3  0.0
Dull 6/12  50.0
Oil drop 4/4 100.0
Slip 1/4  25.0
Dirt 2/2 100.0
Scale 19/22  86.4
Scratch 7/8  87.5

Total 39/55 70.9%
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4   Conclusions

In this paper, we used a binary decision tree classifier to recognize the defect patterns
of a cold mill strip. We have used the cold mill strip of POSCO (Pohang Steel Com-
pany), which consists of 55 defect patterns. At each node of the binary tree, GA was
used for the selection of the best feature subset, and the linear decision function, also
generated by GA, was used to calculate the fitness of a feature subset. There are two
advantages of this method. One is that the construction of the binary decision tree and
the selection of the best feature subset can be executed automatically for the given
patterns. The other is that by designing the fitness function of GA properly, the deci-
sion tree can be obtained by considering the balance of the classes as well as the clas-
sification error.

Current performance is about 71% of recognition rate. Further studies should be
made to design classifiers which have more generalization capabilities and feature
extraction methods which are mutual helpful for the recognition of the defect pattern
of a cold mill strip.
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